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CLINICAL INVESTIGATION
Accumulation of laminin and type IV collagen in the kidney in
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Accumulation of laminin and type IV collagen in the kidney in
congenital nephrosis. The aim of this study was to evaluate qualitatively
the occurrence of the basement membrane proteins laminin and type IV
collagen in the kidneys of ten infants with congenital nephrotic syn-
drome of the Finnish type (CNF) aged from 3 to 23 months and to
compare the results with those for age-matched controls. A slow
accumulation of basement membrane (BM) material occurred in the
glomerular mesangium, the peripheral capillaries, around atrophied
tubules, and the renal vessels in the course of the disease. The staining
pattern of accumulated material depended on the duration of the disease
and subsequent renal parenchymal damage. Young CNF patients with
slight morphological changes in the kidney had only focal and minimal
increases in the amounts of mesangial matrix, but as the disease
advanced, so the BMs of the glomerular capillaries, renal arteries, and
atrophied tubules also became involved and were thicker than normal.
The staining reaction was in all patients similar with antibodies against
the fragment P1 of laminin and the 7-S domain of type IV collagen. The
accumulation of BM material in CNF kidneys is regarded as a second-
ary phenomenon induced by an unknown pathogenetic defect in the
metabolism of some BM component.
Accumulation de laminine et de collagéne de type IV dans le rein au
cours de Ia néphrose congenitale. Le but de cctte étude a été d'évaluer
qualitativement l'apparition de protéines de La membrane basale, Ia
laminine et le collagéne de type IV dans les reins de dix nourissons
atteints de syndrome néphrotique congenital de type finnois (CNF),
hgés de 3 a 23 mois, et de comparer ces rdsultats avec ceux de contrôles
d'kge apparie. Une accumulation lente de matériau de membrane basale
(BM) s'est produite dans le mésangium glomérulaire, les capillaires
périphériques, autour des tubules atrophies et dans les vaisseaux
rénaux au cours de Ia maladie. L'aspect de Ia coloration du matériau
accumulC dépendait de Ia durée de Ia maladie et de l'altération
parenchymateuse rénale ultérieure. De jeunes malades CNF avec des
changements morphologiques discrets dans leurs reins avaient seule-
ment des augmentations focales et minimes de la quantité de matrice
mesangiale mais au fur et a mesure de Ia progression de Ia maladie, les
BMs des capillaires glomérulaires, les artères rénales et les tubules
atrophies étaient également atteints, et étaienl plus épais quc Ia nor-
male. La reaction colorée était dans tous les cas identique avec des
anticorps contre Ic fragment P1 de Ia laminine et le domaine 7-S du
collagène de type IV. L'accumulation de matériau BM dans les reins
CNF est considérée comme un phénomène secondaire induit par un
effet pathogénique inconnu du métabolisme d'un constituant de Ia BM.
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Congenital nephrotic syndrome of the Finnish type (CNF) is
a rare autosomally recessive disease with fatal outcome in early
infancy [1, 2]. The clinical picture is characterized uniformly by
massive proteinuria, which is detectable in the first urine
samples after birth [1, 2]. Although the etiology of CNF is
genetic, the pathogenetic mechanism remains unresolved. Mor-
phological and biochemical investigations, however, indicate a
faulty structure or metabolism of the glomerular basement
membrane (GBM) [3—7], which has been shown to contain less
collagen than normal, as indicated by a lower ratio of 4-
hydroxyproline to proline [4]. On the other hand, an increase in
hydroxylated amino acid residues has been reported in isolated
GBM from patients with congenital nephrotic syndrome of
non-Finnish ancestry [31.
Various studies on the glomerular changes in congenital
nephrosis (CN) report alterations in the morphology of the BM,
which is said to be either normal in width or narrowed [8, 9].
Quantitative measurements of the glomerular BM in patients
with CNF have shown a thinning of the lamina densa layer both
in diseased fetuses and infants [6, 10]. Furthermore, Vernier et
al [7] recently used morphological and cytochemical methods to
demonstrate a decrease in anionic sites rich in heparan sulphate
in the lamina rara externa of the GBM, concluding that the
defect inducing massive proteinuria in CN would result from a
failure to incorporate this glycosaminoglycan into the lamina
rara externa.
Laminin and type IV collagen are the major constituents of
BM [11, 12]. Laminin is a large, non-collagenous glycoprotein
situated mainly in the lamina rara layers [13, 14] and probably
acting as an anchoring protein between the cells and the BM
[15]. Type IV collagen is located mainly in the lamina densa
[13], where it is organized into a net-like structure in which the
aminoterminal ends of four type IV collagen molecules link
together to form a particularly resistant structure known as 7-S
collagen [16]. By solubilizing type IV collagen and laminin with
proteases and using specific radioimmunoassays, an accumula-
tion of type IV collagen, but not that of laminin, has been
demonstrated in kidney cortex in patients with CNF [5].
The present study was undertaken to characterize the mor-
phological location of the BM material accumulating in CNF
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Table 1. Patients with diagnoses and kidney histology
Kidney histology
Control subjects
11
12
13
14
15
16
17
18
Cerebral malformation
3 Trisomy 18
8 Reye syndrome
18 Cerebral contusion
18 Cardiomyopathy
18 Microcephaly
25 Malignant teratoma
32 Acute lymphoblastic
leukaemia
— Interstitial leukemic
infiltration
Symbols: +, slight; + +, moderate; + + +, prominent; —, negligible.
kidneys and to determine whether there are any qualitative
differences in distribution between laminin and type IV
collagen.
Methods
We studied kidney samples from ten CNF patients aged from
3 to 23 months and eight age-matched controls with no known
kidney disease. All ten CNF patients showed the features
typical of the disease; in every patient the kidneys were
enlarged considerably [2]. The ages and diagnoses of the
patients and the histological characteristics of their kidneys are
given in Table 1. The kidney samples were removed at autopsy,
fixed in 10% formalin, and embedded in paraffin. Sections of
4-tm thickness were stained with hematoxylin and eosin for
routine light microscopy.
The 7-S collagen domain of type IV collagen was purified
from human kidney [161 and the fragment P1 of laminin from
human placenta [17]. Antibodies to these proteins were raised
in rabbits and purified by immunoabsorption on the relevant
antigens coupled to Sepharose 4B. The laminin P1 antibodies
were cross-absorbed with 7-S collagen and vice versa; there
was no cross-reaction between the two antibodies in radio-
immunoassay.
For immunohistochemical staining the formalin-fixed sec-
tions were deparaffinized and treated with 0.4% pepsin (Sigma
Chemical Co., St. Louis, Missouri, USA) [18, 191. They were
exposed to a 0.1% solution of hydrogen peroxide in absolute
methanol to inactivate the endogenous peroxidases and stained
with anti-laminin P1 or anti-7-S collagen antibodies using the
peroxidase-anti-peroxidase procedure [20]. Normal rabbit se-
rum and phosphate-buffered saline were used as controls in-
stead of the primary antibody.
Results
The histological findings and the results of the immunoper-
oxidase stainings for the fragment P1 of laminin and the 7-S
domain of type IV collagen are given in Tables 1 and 2.
In routine light microscopy the renal changes varied from
slight focal mesangial hyperplasia in the young CNF patients to
severe parcnchymal damage in the older patients. The latter
comprised advanced glomerular changes from a prominent
mesangial increase to numerous hyalinized glomeruli and a
variable number of cellular crescents of affected glomeruli.
Additionally, a gradual increase in interstitial fibrosis together
with tubular atrophy and chronic interstitial inflammatory infil-
tration became more pronounced in the course of the disease.
Every kidney specimen from CNF patients featured the typical
dilated tubules, although the number varied from one patient to
another.
The immunohistochemical stainings with antibodies against
laminin and against type IV collagen were in general similar,
without discernible differences in the distribution or quality of
the staining reaction. The staining pattern largely depended on
the preservation of the kidney structure, and consequently only
slight and focal increase in the amount of mesangial BM
material could be seen in those samples which were near normal
in appearance in light microscopy (Fig. 1). This was obvious in
patients up to the age of 8 months, who were those in which the
peripheral capillaries stained in a similar manner to those in the
control samples, without differences in the staining patterns for
either laminin or type IV collagen.
The accumulation of BM material became more prominent
from 8 months onward, showing intense staining for both
antigens in the glomerular mesangium and also in the peripheral
Subject! Patient
no.
Age Mesangial
months Diagnosis hyperplasia
Hyalinized
glomeruli and
crescents
Dilated
proximal
tubules
Interstitial fibrosis,
tubular atrophy and
chronic inflammation
Thickened
renal
vessels
++ ++
Patients
1 3 CNF + +
2 5 CNF
3 5 CNF ++
4 6 CNF ++
5 8 CNF ++
6 8.2 CNF ++ — + —
7 17 CNF ++ ++ + +++ +
8 17.9 CNF ++ +++ --+ +++ +
9 18 CNF ++ +++ ++ +++ +
10 23.4 CNF ++ ++-- ++ -t-++ +
+
++
++
+
+
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Table 2. Immunohistochemical findings of the BM proteins laminin and type IV collagen
Subject/Patient
no.
Patient
2
3
4
5
6
7
8
9
10
Laminin P1 and 7-S collagen stainings
Minimal increase in staining of some mesangial areas
Minimal increase in staining of some mesangial areas; normal BM around dilated tubules
Minimal increase in staining of some mesangial areas; normal BM around dilated tubules
Minimal increase in staining of some mesangial areas; normal BM around dilated tubules
Minimal increase in staining of some mesangial areas; prominent BM around atrophied tubules
Minimal increase in staining of some mesangial areas; prominent BM around atrophied tubules
Prominent mesangial increase and thickened "curly" looking peripheral capillaries. BMs thick in Bowman's capsule,
atrophied tubules and vessels. Individual cells enveloped by BM material in crescents.
BM very thick around atrophied tubules and in renal vessels. Dusty granular staining of both antigens in hyalinized
glomeruli. BM normal or irregularly thickened around dilated tubules.
BM very thick around atrophied tubules and in renal vessels. Dusty granular staining of both antigens in hyalinized
glomeruli. BM normal or irregularly thickened around dilated tubules.
BM very thick around atrophied tubules and in renal vessels. Dusty granular staining of both antigens in hyalinized
glomeruli. BM normal or irregularly thickened around dilated tubules.
Control subjects
11
12
13
14
15
16
17
18
Even amounts of both BM components in the mesangium, peripheral glomerular capillaries, and renal tubules and vessels
Even amounts of both BM components in the mesangium, peripheral glomerular capillaries, and renal tubules and vessels
Even amounts of both BM components in the mesangium, peripheral glomerular capillaries, and renal tubules and vessels
Even amounts of both BM components in the mesangium, peripheral glomerular capillaries, and renal tubules and vessels
Even amounts of both BM components in the mesangium, peripheral glomerular capillaries, and renal tubules and vessels
Even amounts of both BM components in the mesangium, peripheral glomerular capillaries, and renal tubules and vessels
Even amounts of both BM components in the mesangium, peripheral glomerular capillaries, and renal tubules and vessels
Even amounts of both BM components in the mesangium, peripheral glomerular capillaries, and renal tubules and vessels
glomerular capillaries, which became thick and stiff-looking
(Fig. 2). The capillary lumina were usually wide open, which
together with the thickness and stiffness of the BM gave the
glomeruli a curly appearance (Fig. 2B). The BM of the
Bowman's capsule was sometimes clearly thickened and ap-
peared in a lamellated pattern. The cellular crescents showed
variable amounts of BM material around individual cells (Fig.
2A), whereas the totally hyalinized glomeruli featured an un-
organized granular dust which stained for both laminin and type
IV collagen.
The tubules were surrounded usually by a normal BM, but
this was clearly thickened in the atrophied tubules (Fig. 2A).
Dilated tubules showed a normal or irregularly thickened BM.
At the later stages of the disease the arteriolar and
interlobular renal arteries also became affected and the amount
of BM material was increased in addition to the increase in the
total thickness of the vessel wall (Fig. 2).
Every control case showed an even distribution of BM
material in the glomeruli, tubules and renal vessels (Fig. 1B).
There were no qualitative differences in the staining reaction
between the age groups. Control stainings with normal rabbit
serum and phosphate-buffered saline were all negative.
Discussion
The results show qualitatively a slow accumulation of the BM
proteins laminin and type IV collagen in the kidneys of CNF
patients and are consistent with those obtained quantitatively
for CNF kidneys by radioimmunoassay methods [5], although
the latter did indicate an accumulation of BM material which
preferentially contained type IV collagen, the values of laminin
remaining within normal limits or being only slightly elevated
[5]. This difference was, however, not obvious immuno-
histochemically under the conditions used here. Previous bio-
chemical studies on rat and human kidneys have in any case
indicated an accumulation of type IV collagen in the kidney
with advancing age [21, 221. It is clear from the present results
that some as yet unknown mechanism in the CNF kidney
causes an accumulation of BM material which at least in some
respects simulates an accelerated aging process.
Conventional histological and electron microscope investiga-
tions on CNF glomeruli have shown an age-related accumula-
tion of "basement membrane-like" material in the mesangium
[23, 24]. The present results indicate that this material in the
mesangial matrix also contains macromolecules specific to BM.
Hyalinized glomeruli, thickened Bowman's capsules, thickened
vessel walls, and tubular BMs, which are described usually as
hyalinotic, sclerotic, or fibrotic in conventional histology [25],
similarly contain large amounts of BM material. On the other
hand, interstitial fibrosis, which is present in advanced cases, is
not accompanied by an increase in BM-specific compounds.
The findings suggest that some, but not all, sclerotic and fibrotic
changes in the CNF kidney are related to faulty metabolism of
the BM constituents although the primary defect, thus far to our
knowledge, remains unidentified. A change in collagen metabo-
lism that would similarly affect both type IV collagen and
interstitial collagens in CNF cannot be excluded but does not
seem very probable, as the same kind of interstitial fibrosis
occurs in several other kidney diseases.
The role of heparan sulphate proteoglycan in maintaining the
glomerular filtration barrier and providing fixed anionic sites in
the GBM has been emphasized in recent reports [7, 26, 271.
When showing a considerable loss of this glycosaminoglycan in
the GBM of congenital nephrosis cases, Vernier et al [7]
suggested an inheritable defect of heparan sulphate proteogly-
can in this disease. While nephrotic syndrome is already
present in CNF fetuses [28, 29], the idea of a genetically
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Fig. 1. A Immunoperoxidase staining of laminin P1 in a kidney from a
CNF patient aged 5 months. BMs of glomerular capillaries, tubules,
and Bowman's capsule are normal. A slight accentuation of the
mesangial areas is visible. B Represents the same staining of a kidney
from a control patient aged 8 months. (x280)
determined loss of anionic charges induced by the altered
metabolism of heparan sulphate proteoglycan is tempting but
needs further evidence. In the experimental nephrosis induced
by puromycin aminonucleoside, however, both decreases [27,
301, increases [31] and no changes [32] in suiphated proteogly-
cans or fixed anionic sites in the GBM have been reported.
Definite changes in laminin may also be involved in the develop-
ment of aminonucleoside nephrosis [33, 34]. A defect in the
structure or metabolism of laminin or some other, perhaps still
unidentified, BM constituent thus cannot be excluded as the
primary cause of CNF at present, either. As multiple inter-
actions obviously take place between the various BM compo-
nents [11—13], such a change could bring about a secondary
defect in the proteoglycan content of the GBM.
Another current hypothesis to explain the abnormal ac-
cumulation of BM proteins in nephropathy associated with
hypertension of pregnancy includes the involvement of prosta-
glandins and fibronectin, both potent modulators of collagen
Fig. 2. A Immunoperoxidase staining qf 7-S collagen in a kidney of a
patient with CNF aged 18 months. Severe parenchymal damage is
evident. BM material has accumulated in glomerular mesangium and
peripheral capillaries and in arterioles (large arrows) and around
atrophied tubules (small arrows). BM around dilated tubules is of
normal thickness or focally thickened. The righthand glomerulus shows
a cellular crescent with BM material around cells. (x80) B High power
view of lefth and side glomerulus in A. Peripheral capillaries are thick
and stiff; glomerular lumens are open giving a "curly" appearance.
(x280)
synthesis [35—37]. The distribution of fibronectin in fetal CNF
kidneys has been reported to be normal [381, but more detailed
information of prostaglandin and fibronectin metabolism in this
disorder is still lacking.
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